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The electron impact induced fragmentations of m- and p-substituted phe-
nylacetamides and N,N-dimethyl-phenylacetamides 1-14 were investigat-
ed and compared with the o-analogues. A l l m- and p-substituted amides 
yield molecular ions with high relative intensities which do not lose their 
meta- and para-substituents. Loss of H N C O from M + * is dominant in the 
prim, amides, whilst for the tert. amides the classical benzyl cleavage is the 
most favourable fragmentation pathway. 
Massenspektrometrische Untersuchungen an Derivaten der Phenylessig 
säure, 3. Mitt.: Elektronenstoß-induzierter Zerfall meta- und parasubstitu-
ierter Phenylacetamide 
Die Elektronenstoß-induzierten Fragmentierungen der m- und p-substitu-
ierten Phenylacetamide bzw. N,N-Dimethyl-phenylacetamide 1-14 wur-
den untersucht und mit dem Verhalten ihrer o-substituierten Analogen 
verglichen. Alle m- und p-substituierten Amide zeigen M + ' mit hoher relat. 
Intensität und spalten die m- bzw. p-Substituenten nicht ab. Die prim. 
Amide verlieren bevorzugt H N C O aus M + " , während in den tert. Amiden 
klassische Benzylspaltung vorherrscht. 
We have previously reported on the fragmentations of ortho-substitut-
ed phenylacetamides2) and phenylacetates3> after electron impact. O f the 
ortho-substituted phenylacetamides studied (substituent X = CI, Br, F , 
N 0 2 , O C H 3 , C H 3 , and C N ) only the o-Cl- , o-Br-, and o-N0 2-amides lose 
the ortho substituents directly from their M + > giving rise to large ( M - " X ) + -
signals, and do not yield detectable M + , (<0 .1 % rel. int.) at high and low 
ionizing energies. The loss of H N C O from M + ' of all ortho-substituted pri-
mary amides occurs to various degrees (12-100 % rel. int.) depending on 
the nature of the substituent (see2)). In o-substituted tert. amides, however, 
the "classical" benzyl cleavage is a main fragmentation. The loss of 
o-substituents was explained assuming an intramolecular aromatic substi-
tution 2 ^, which is a typical example of an ortho effect in aromatic sys-
tems4). 
In parallel with these studies the behaviour of meta- and para-substituted 
phenylacetamides 1-14 was investigated in order to clarify how the posi-
tion of these substituents influences the fragmentation reactions. 
The EIMS of the amides 1-14 show molecular ions of va-
rying intensities without exception (7-95 % at 70 eV and 
13-100 % at nom. 12 eV). A direct loss of the substituent X 
from M + * was not detected for any compound (see Tab. 1 and 
2). 
Loss of HNCO 
As shown in scheme 1 (as examplified for a p-substituted 
amide) and Tab. 1 the molecular ions of the prim, amides 
la-14a generally lose H N C O , induced by H-migration from 
the amide N-atom, being the main fragmentation reaction in 
many cases. The resulting radical cation A subsequently eli-
minates a hydrogen atom yielding the ( M - ' C O N H 2 ) + ion 
(this ion is also produced directly from M + * by benzyl cleav-
age as indicated by Holmes and Benoits\ or alternatively the 
substituent X to give the C 7 H 7 + ion (m/z 91) in all cases at 
C 0 - N R 9 R = H R=CHo 
1 m - N 0 2 6 p - B r U m - 0 C H 3 
2 p - N 0 2 2 m-F 12 p - 0 C H 3 
3 m - C l 8 p - F 13 m-CN 
U p - C l 9 m - C H 3 U p - C N 
5 m - B r 10 p - C H 3 
Tab. 1: Excerpt of the EIMS-data o f the meta- and para-substituted prim, phenylacetamides l a - 1 4 a at 70/12 e V 
compd M + - ( M - H N C O ) + - ( M - - C O N H 2 ) + ( M - H N C O - ' X ) + 0 = C = N H 2 + 
l a 7/17 100/100 5 / - 2 1 / - 4 0 / -
2a 15/20 100/100 21- 1 5 / - 2 5 / -
3a 45/100 71/75 3 2 / - 1 0 0 / - 3 5 / -
4a 55/100 100/57 9 8 / - 1 0 0 / - 3 7 / -
5a 63/100 100/64 2 9 / - 75/9 3 7 / -
6a 55/100 91/15 6 7 / - 1 0 0 / - 5 1 / -
7a 50/100 100/76 9 0 / - < 1 / - 3 3 / -
8a 34/100 80/19 1 0 0 / - < 1 / - 1 7 / -
9a 73/100 100/70 7 3 / - 7 8 / - 1 1 / -
10a 50/100 68/57 100/11 3 9 / - 61-
11a 95/100 100/25 5 5 / - 4 7 / - 1 3 / -
12a 62/100 37/9 100/56 5 2 / - 31-
13a 13/32 100/100 2 0 / - 5 / - 2 1 / -
14a 18/81 100/100 2 3 / - 3 / - 2 7 / -
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Tab. 2 : Excerpt o f the EIMS-data of the meta- and para-substituted N,N-dimethyl-phenylacetami-
des l b - 1 4 b at 70/12 eV 
compd M + - ( M - H N M e 2 ) + * ( M - C O N M e 2 ) + 0 = C = N M e 2 + 
l b 7/13 _ 4 / - 100/100 
2b 8/42 - 1 / - 100/100 
3b 14/100 . 1 / - 61- 100/43 
4b 13/42 - 11- 100/100 
5b 20/69 21- 1 0 / - 100/100 
6b 72/46 61- 2 5 / - 100/100 
7b 14/100 21- 1 1 / - 100/71 
8b 26/100 21- 1 3 / - 100/36 
9b 35/100 4 / - 1 2 / - 100/36 
10b 35/100 3 / - 1 6 / - 100/34 
l i b 64/100 8 / - 1 9 / - 100/22 
12b 41/100 21- 100/24 58/4 
13b 11/88 - 8 / - 100/100 
14b 14/100 - 1 0 / - 100/90 
70 eV. This ion does not appear in the low energy spectra of 
m- and p-substituted amides except in the case of 5a, it is de-
tected, however, in the case of o-Cl-, o-Br-, o -N0 2 - , and o-
OCH3-substituted phenylacetamides at 70 eV 2 ) . 
c=o~l - i 
and/or 
CH31 
C 7 H 7 • 
(m/z 91) 
- C 2 H 2 
C5H5 
Similar to o-fluorophenylacetamide, its meta- and para 
isomers 7a and 8a yield ( M - H N C O - ' X ) + ions (m/z 91) with 
less than 1 % rel. int., contrary to the very high intensities in 
the spectra of CI- and Br-substituted analogues. This pheno-
menon may result from the differences of C a r - X bond disso-
ciation energies (homopolar bond dissociation energy: 123.9 
Kcal/mol for C 6 H 5 - F , 94.5 Kcal/mol for C 6 H 5 - C 1 and 79.2 
Kcal/mol for C 6 H 5 - B r 6 ) ) . 
Funke et al. 7 )have described the main fragmentation pro-
cesses of phenylacetanilide which involve H-migration from 
the amide-N onto the benzyl group and/or onto the aromatic 
ring leading to the loss of C 6 H 5 N C O via a four- and/or a six-
»0-, 
OP CO-NH2 N 0 2 
luJL 
134 + 
( M - N 0 2 ) 
IÖ7 
(M-HNCO) 
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membered transition state. Loss of H N C O occurs in all ami-
des which include at least one hydrogen atom at the amide-N 
(la-14a). Holmes and Benoit5) discuss the loss of ' N H 2 and 
C O N H 2 from M + * of substituted benzamides and do not re-
fer to a signal (12 % rel. int.) which is probably due to a (M-
H N C O ) + - i o n . 
A comparison of the El-spectra of o-, m-, and p-substitut-
ed phenylacetamides (X=C1, Br, N 0 2 ) is given in Fig. 2, 3 
and 4. 
In particular, while the molecular ions of o-Cl-, o-Br-, and 
o-N02-substituted primary amides lose H N C O to a minor 
extent only (6-15 % rel. int.), the molecular ions of their m-/ 
p- isomers as well as the m-, p-, and o-isomers with X = C H 3 , 
O C H 3 , F , C N eliminate H N C O yielding very prominent 
signals (68-100 % rel. int.). 
The predominance of ( M - ' C O N H 2 ) + in 12a is due to the 
stabilizing effect of p - O C H 3 onto the benzyl cation. Thus the 
fragmentation of the m- and p-substituted amides la-6a is 
completely different from that of their ortho isomers as far as 
the production of M + \ (M - ' X ) + , and (M - H N C O ) + * ions is 
concerned. 
A similar phenomenon depending on the position of the 
substituent at the aromatic nucleus has been observed e. g. 
for phenylacetylpyrrolidines8), cinnamic acids9), acetani-
lides1 0 ), and 1-phenyl-l-(2-pyridyl)ethylenesn). 
Benzyl cleavage 
Contrary to the primary amides the most favourable frag-
mentation path of the N,N-dimethyl-phenylacetamides radi-
cal cations of lb-14b is the "classical" benzyl cleavage, pro-
ducing ( C H 3 ) 2 N C O + ions as base-peaks except in the case of 
12b (Tab. 2). Here again stabilization of the pertinent benzyl 
cation occurs (see above). The same result was observed for 
the ortho-substituted N,N-dimethyl-phenylacetamides2). 
In parallel to the fragmentation of primary amides, these 
tert. amides yield M + ' with relatively high intensities at 70/12 
eV and do not produce (M - *X) + ions in any cases. How-
ever, in contrast with the formation of the fragment-ion 
[ ( C 6 H 5 ) 2 N H ] + * (and/or its isomer7)) causing the base-peak 
for N,N-diphenyl-phenylacetamides2)7) the [ (CH 3 ) 2 NH] + * 
fragment (m/z 45) appears with very low intensities - if at 
all - in the ms of lb-14b (see Tab. 5 in Exp. part). This 
can be explained by charge derealization in [ (C 6 H 5 ) 2 NH] + * , 
which is strongly diminished - if it occurs at all - in 
[ (CH 3 ) 2 NH] + * (cf. Stevenson's rule12). 
Especially we were interested to compare the fragmenta-
tions of the methoxy-substituted amides 11a, l ib, 12a and 
12b and their ortho isomers. The base-peak of the meta-sub-
stituted primary amide 11a corresponds to the (M -
H N C O ) + * fragment-ion at m/z 122, whereas the product of 
(M - C O N H 2 ) + (m/z 121) gives rise to the base-peak for its 
para isomer 12a; the base-peak of the ortho isomer stems 
from the loss of H N C O from M + * succeded by *OCH 3-elimi-
nation yielding m/z 91 2 ). The differences in the fragmenta-
tions of these three isomeric molecular ions are clearly envi-
saged in their meta-stable ion (B/E-linked scan) spectra (Tab. 
3) which show the different ratio of the formation of the ions 
at m/z 121 and m/z 122, respectively. 
nr™2 r ^ T c H 2 i " 
H3CO H 
m/z 121 m/z 122 
Tab. 3: M I M S (B/E) of the molecular ions (m/z 165) of o-, m- and 
p-methoxy-substituted primary phenylacetamides 
m/z ortho meta para 
150 23 _ _ 
148 100 11 4 
147 22 - -
134 11 - -
122 93 100 8 
121 81 - 100 
107 16 - -
In all cases of o-, m- and p-methoxy N,N-dimethyl-phenyl-
acetamides the benzyl cleavage appears as an important 
fragmentation reaction, however, whilst the loss of a 
(CH 3 ) 2 NCO-radical from M + * corresponds to the base-peak 
for the p- isomers the ( C H 3 ) 2 N C O + i o n causes the base-peak 
of the o- and m-isomers. In addition, the m-OCH3-substitut-
ed amide l ib yields the ion at m/z 135 (70/12 eV). More-
over, this ion represents the base-peak in the M I M S (B/E-link-
ed scan). Its B 2/E-linked scan spectrum shows that this m/z 
135 ion is derived from the molecular ion directly, its molecu-
lar composition is C 9 H n O (HR; M + - C 2 H 4 N O ) . Up to now 
we have no clear-cut explanation for this unexpected frag-
ment which is obviously formed by a CH3-transfer. 
Part I of this study2 ) indicates significant differences bet-
ween o-Cl-, o-Br-, and o-N02-substituted prim., sec, and 
tert. phenylacetamides which lose these substituents contra-
ry to their o-F, o - C H 3 , o - O C H 3 and o-CN analogues, which 
do not show this cleavage but are fragmented in the side 
chain as expected. On the other side the meta- and para 
chloro-, bromo-, and nitro-substituted isomers investigated in 
this paper behave "normally", i . e. they undergo cleavages in 
the side chain as do the meta- and para C H 3 - , O C H 3 - , F-, and 
CN-substituted phenylacetamides. 
We thank the Deutschen Forschungsgemeinschaft and the Fonds der 
Chemischen Industrie for financial support. 
Experimental Part 
Standard mass spectrometry conditions: see2). 
The physical and spectroscopic data of unknown compounds are shown 
in Table 4, the intensities (70/12 eV, E IMS) of all peaks of compounds 
1-14 are given in Table 5. 
Preparation of 5a, 5b, 7a and 7b 
m-Bromo- or m-fluorobenzylcyanides, respectively, were hydrolyzed with 
H 2 S 0 4 and acetic acid as reported 1 3 ) to give the corresponding acetic 
acids 1 3 ' 14>, which were converted to the amides according to the general 
method2>. 
Preparation o/13a, 13b, 14a and 14b 
m- or p-Nitrophenylacetic acids, respectively, were hydrogenated with 
5 % P d - C / H 2 according to the procedure for a similar compound15> to 
yield m- or p-aminophenylacetic acids 1 6 , 7 ) . 









5a 1 3 8 - 1 3 9 ° 1660 (CO) 
3160 and 3340 ( N H 2 ) 
3.50 (s; 2 H , C H 2 ) , 6.23 and 6.83 (2 X s; broad, 2 H , N H 2 ) , 
7 .07-7.53 ( m ; 4 H , Ar) 
C 4 4 . 9 H 3 . 7 7 / 
C 44.7 H 3.64 
7a 140° 1650 (CO) 
3210 and 3 4 0 0 ( N H 2 ) 
3.53 (s; 2 H , C H 2 ) , 6.43 (s; broad, 1H , N H ) , 6 .67-7.47 
(m; 5 H , N H , Ar ) 
C 6 2 . 7 H 5 . 2 7 / 
C 6 2 . 8 H 5 . 3 5 
13a 1 1 7 - 1 1 8 ° 1660(CO) 2240(CN) 
3200 and 3420 ( N H 2 ) 
3.60 (s; 2 H , C H 2 ) , 6.23 and 6.93 (2 X s; broad, 2 H , N H 2 ) , 
7 .33-7 .70 ( m ; 4 H , Ar) 
C 6 7 . 5 H 5 . 0 4 / 
C 6 7 . 1 H 5 . 1 7 
14a 1 9 9 - 2 0 0 ° 1665 (CO) 2240 (CN) 
3210 and 3450 ( N H 2 ) 
3.60 (s; 2 H , C H 2 ) , 6.37 and 7.03 (2 X s; broad, 2 H , N H 2 ) , 
7.50 (d; J = 7.5 Hz , 2 H , A r ) , 7.67 (d; J = 7.5 H z , 2 H , Ar) 
C 6 7 . 5 H 5 . 0 4 / 
C 6 7 . 9 H 5 . 2 8 
l b 5 0 - 5 1 ° 1650 and 1660 (CO) 2.97 and 3.07 (2 X s; 6 H , 2 X C H 3 ) , 3.77 (s; 2 H , C H 2 ) , 
7 .23-7.67 (m; 2 H , A r ) , 8 .00-8.20 (m; 2 H , Ar) 
C 5 7 . 7 H 5 . 8 2 / 
C 5 7 . 7 H 5 . 8 9 
5b a) 1645 and 1660 (CO) 2.93 and 2.97 (2 X s; 6 H , 2 X C H 3 ) , 3.67 (s; 2 H , C H 2 ) , 
7 .10-7.43 ( m ; 4 H , Ar ) 
7b a) 1640 and 1660 (CO) 2.92 and 2.97 (2 X s; 6 H , 2 X C H 3 ) , 3.63 (s; 2 H , C H 2 ) , 
6 .83-7.33 ( m ; 4 H , Ar ) 
8b 4 2 - 4 3 ° 1640 and 1660 (CO) 2.95 and 2.98 (2 X s; 6 H , 2 X C H 3 ) , 3.70 (s; 2 H , C H 2 ) , 
6 .77-7 .40 ( m ; 4 H , Ar) 
C 6 6 . 3 H 6 . 6 9 / 
C 66.3 H 6.90 
I I b a) 1650 (CO) 2.93 and 2.97 (2 X s; 6 H , 2 X C H 3 ) , 3.67 (s; 2 H , C H 2 ) , 
3.77 (s; 3 H , O C H 3 ) , 6 .67-6.90 (m; 3 H , A r ) , 7.13 (d; 
J = 9 Hz , 1H, Ar ) 
12b a) 1650(CO) 2.90 and 2.93 (2 X s; 6 H , 2 X C H 3 ) , 3.60 (s; 2 H , C H 2 ) , 
3.73 (s; 3 H , O C H 3 ) , 6.83 (d; J = 9 H z , 2 H , A r ) , 7.13 
( d ; J = 9 H z , 2 H , Ar ) 
13b a) 1640 and 1660 (CO) 
2240 (CN) 
2.97 and 3.05 (2 X s; 6 H , 2 X C H 3 ) , 3.72 (s; 2 H , C H 2 ) , 
7 . 3 0 - 7 . 6 7 ( m ; 4 H , Ar ) 
14b 7 2 - 7 5 ° 1640 and 1660 (CO) 
2240 (CN) 
2.95 and 3.02 (2 X s; 6 H , 2 X C H 3 ) , 3.73 (s; 2 H , C H 2 ) , 
7.37 (d; J = 7.5 H z , 2 H , A r ) , 7.57 (d; J = 7.5 H z , 2 H , Ar ) 
C 70.2 H 6.44/ 
C 7 0 . 1 H 6 . 5 3 
a) Boil ing point was not measured. 






E I - M S : m / z (%rel. int.) 
12 eV 
F I - / F D -









180 180(7), 162(23, *145.80), 150(1), 138(8), 137(100), 136(5), 
121(5), 120(50, *105.11), 107(5), 91(21), 90(63), 89(34, 
*88.01), 77(7), 65(9), 63(12), 58(7), 51(7), 44(40), (43(19) 
180 180(15), 138(9), 137(100), 136(2), 120(11), 107(17, *83.57), 
91(15), 90(32, *67.50), 89(20), 78(7), 77(5), 65(6), 63(10), 
44(25) 
169/ 171(15), 170(5), 169(45), 128(24), 127(15), 126(71, * 93.94), 
171 125(32), 99(6), 92(9), 91(100, *65.72), 90(7), 89(21, * 88.01), 
65(5), 63(12), 44(35) 
169/ 171(19), 170(5), 169(55), 128(35), 127(40), 126(100, *93.94), 
171 125(98), 109(9), 104(5), 99(10), 92(9), 91(100, *65.72), 
90(11), 89(31), 65(6), 63(15), 51(6), 44(37), 43(9) 
213/ 216(6), 215(62), 214(7), 213(63), 173(7), 172(97), 171(35), 
215 170(100, *135.68), 169(29), 92(6), 91(75), 90(35, *89.01), 
89(29, *88.01), 65(7), 63(13), 44(37) 
213/ 216(5), 215(54), 214(5), 213(55), 173(7), 172(88, *137.60), 
215 171(71), 170(91, *135.68), 169(67), 92(8), 91(100), 90(53), 
89(44), 65(11, *46.43), 64(7), 63(22), 62(8), 51(7), 50(7), 
44(51) 
153 154(6), 153(50), 111(8), 110(100), 109(90), 108(5), 107(7), 
9 1 « 1), 9 0 « 1), 89(3), 83(18), 63(5), 57(6), 44(33) 
153 153(34), 135(2), 111(6), 110(80), 109(100), 108(5), 107(7), 
























F D : 180(100), 
78(36) 





E I - M S : m / z ( % r e l . i n t . ) 
70 e V 12 eV 
F I - / F D -
or H R - M S 
9a 149 150(8), 149(73), 132(1), 131(2), 107(10), 106(100, *75.41), 
105(73), 104(6), 103(14, *101.04), 92(6), 91(78, *78.12), 




10a 149 150(6), 149(50), 107(6), 106(68), 105(100), 104(6), 103(11, 




11a 165 166(10), 165(95), 148(1), 147(1), 123(9), 122(100), 121(55), 
107(27, *93.84), 92(16), 91(47, *68.44), 90(16), 89(8), 
79(12), 78(13), 77(21), 65(12), 51(8), 44(13), 43(24) 
166(10), 165(100), 
122(25) 
12a 165 166(6), 165(62), 148(5), 122(37), 121(100, *88.73), 107(16), 





13a 160 160(13), 118(10), 117(100), 116(20), 91(5), 90(26), 89(21), 
63(8), 58(30), 44(21), 43(71) 
160(32), 118(13), 
117(100) 
14a 160 160(18), 142(3), 118(10), 117(100), 116(23), 91(3), 90(27), 




l b 208 208(7), 136(4), 90(6), 89(6), 73(3), 72(100), 44(7), 43(10) 208(13), 178(2), 
72(100) 
2b 208 208(8), 178(3, *152.33), 136(1), 106(1), 90(2), 89(4, *88.01), 






199(5), 198(2), 197(14), 152(1), 125(6), 99(1), 89(5), 





199(5), 198(2), 197(13), 127(2), 125(7), 89(6), 73(4), 





243(19), 241(20), 198(2), 196(2), 171(9), 169(10), 90(15), 






244(8), 243(70), 242(9), 241(72), 198(6), 196(6), 171(25), 
170(5), 169(25), 91(5), 90(33), 89(35), 73(24), 72(100), 




7b 181 181(14), 136(2), 109(11), 101(5), 83(5), 72(100), 59(14), 
58(7), 45(2), 44(8), 43(32) 
182(11), 181(100), 
72(71) 
8b 181 181(26), 136(2), 109(13), 108(3), 107(2, *106.01), 89(1), 
83(5, *63.20), 73(4), 72(100), 45(< 0.5), 44(4) 
182(12), 181(100), 
72(36) 
9b 177 178(5), 177(35), 132(4), 105(12), 104(3), 103(3), 72(100) 178(13), 177(100), 
72(36) 
10b 177 178(4), 177(35), 132(3), 105(16), 77(6), 72(100) 178(12), 177(100), 
72(34) 
l i b 193 194(8), 193(64), 192(3, *191.01), 178(1), 164(1), 148(8, 
•113.49), 136(6), 135(9), 121(19), 91(14), 78(7), 77(6), 
73(8), 72(100), 65(5), 44(5) 
194(10), 193(100), 
135(2), 72(22) 
H R : b) 
12b 193 194(4), 193(41), 148(2, *113.49), 135(1), 122(9), 121(100), 
91(4, *68.44), 78(5), 77(5), 72(58) 
194(12), 193(100), 
121(24), 72(4) 
13b 188 188(11), 116(8), 89(5, *68.28), 72(100), 44(7) 189(13), 188(88), 
72(100) 
14b 188 188(14), 116(10), 89(9), 73(6), 72(100), 63(5), 44(11) 189(14), 188(100), 
72(90) 
a) C 8 H 8 N 2 0 3 calcd 180.05349 found 180.05346 (Am 0.2 ppm) 
C 8 H 6 N 2 0 2 162.04292 162.04308 (Am 1.0 ppm) 
C7H7NO2 137.04768 137.04779 (Am 0.8 ppm) 
C 7 H 6 N O 120.04494 120.04499 (Am 0.4 ppm) 
b) C n H 1 5 N 0 2 193.11027 193.10984 (Am 2.2 ppm) 
C 9 H n O 135.08098 135.08055 (Am 3.2 ppm) 
These acids were converted to the corresponding cyanophenylacetic The other amides were prepared from the corresponding phenylacetic 
acids 1 8- 1 9> using the Sandmeyer reaction as reported19^. The amides were acids (Aldrich Chem. Co.): see2). 
obtained from m- or p-cyanophenylacetic acid according to the general 
method 2 ). 
References 
1 Dong-Ung Lee, Dissertation, Universität Regensburg 1987. 
2 and 3: D . U . Lee, K . K . Mayer, W . Wiegrebe, R . Lauber, and U . P. 
Schlunegger, Arch . Pharm. (Weinheim) 321, 265; 303 (1988). 
4 a review: H . Schwarz, Top. Curr. Chem. 73, 231 (1978). 
5 J . L . Holmes and F . Benoit, Org. Mass Spectrom. 5, 525 (1971). 
6 K . W . Egger and A . T. Cocks, Helv. Chim. Ac ta 56, 1516 (1973). 
7 K . G . Das, P. T. Funke, and A . K . Bose, J . A m . Chem. Soc. 86, 3729 
(1964). 
8 I. Weiss, Dissertation, Universität Regensburg 1983. 
9 B. Schaldach and H.-Fr . Grützmacher, Org. Mass Spectrom. 75, 175 
(1980). 
10 S. A . Benezra and M . M . Bursey, J. Chem. Soc. (B) 1971, 1515. 
11 R. Schubert and H.-Fr . Grützmacher, J . A m . Chem. Soc. 102, 5323 
(1980). 
12 a review: F . W . McLafferty, Interpretation of Mass Spectra, 3. ed., 
University Science Books, M i l l Valley 1980. 
13 A . Fischer, B. R. Mann, and J . Vaughan, J . Chem. Soc. 1961,1093. 
14 N . Campbell and J . E . M c K a i l , J . Chem. Soc. 1948, 1251. 
15 G . Hahn and M . R. Tulus, Chem. Ber. 74,500 (1941). 
16 M . W . Cronyn, J . Org. Chem. 14, 1013 (1949). 
17 J . F . J . Dippy, F . R. Williams, and R. H . Lewis, J . Chem. Soc. 1935, 
343. 
18 R. Neher and K . Miescher, Helv. Chim. Acta 29, 449 (1946). 
19 R. Jaeger and R. Robinson, J. Chem. Soc. 1941, 744. 
[Ph410] 
